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Because  of  the  uneven  output  of  spray  from  gravity-flow  equipment 
previously  used  in  airplanes,  such  equipment  has  proved  less  satis- 
factory generally  than  pimp- operated  spray  equipment.  A  gravity-flow 
Tinit  has  "been  developed  which  provides  a  fairly  constant  flow  of  solu- 
tion and  appears  to  give  about  as  good  results  as  a  pressure  unit. 

The  gravity-flow  unit  was  designed  for  use  on  PT-I3  or  PT-I7 
planes.  It  consists  of  a  tank  in  the  front  cockpit  and  under-wing 
Venturis  to  increase  the  "breakup  of  the  sprays.  The  installation  is 
satisfactory  for  dispersing  oil  solutions  or  stahle  water  emulsions, 
"but  not  for  suspensions,  which  require  constant  agitation  to  prevent 
settling* 

Description  of  Equipment 

An  go-gallon  altiminum  tank,  designed  to  fit  the  front  cockpit 
without  removing  the  rudder  pedals  or  altering  any  of  the  structures 
in  the  plane,  rests  on  a  2-inch  angle  aluminum  platform  and  is  held 
in  place  hy  a  clainp  over  the  top  of  the  tank.  Baffles  in  the  tank 
prevent  the  liquid  from  shifting  yfoen  the  plane  is  maneuvered  and 
make  the  sides  of  the  tank  more  rigid.  A  constant  flow  rate  is 
obtained  by  sealing  the  filler  neck  with  an  airti^t  cap,  and  as  the 
liquid  is  released  the  displacing  air  is  drawn  in  through  a  breather 
tube.  The  breather  tube  extends  from  1/2  inch  above  the  bottom  of 
the  tank,  throti^  the  tank,  to  l/2  inch  above  the  top  of  the  tank. 
Tanks  of  higher  ce^pacity  can  be  used  ^en  the  front  cockpit  control 
does  not  have  to  be  retained. 

Two  7/g-inch  (inside  diameter)  booms,  each  110  inches  long,  are 
located  under  the  wings  2^+  inches  below  the  bottom  of  the  tank.  A 
1/2-inch,  q-uick-action  cut-off  valve  is  located  7  inches  inboard  from 


1,/  This  work  was  conducted  under  funds  allotted  by  the  Department 
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the  tip  of  each  Doom  to  obtain  instant  control  of  the  liquid.  In^jr- 
changeahle  nozzles  are  inserted  into  the  end  of  the  hooms  to  gxve  the 
hreaSup  and  rate  of  flow  desired.  These  nozzles  are  made  from  pipes 
hlvtn^  inside  diameters  of  l/U,  5/16,  or  l/2  inch,  the  tips  of  the 
piperheing  cut  off  at  a  32°  angle.  The  spray  is  released  into 
Venturis  attached  to  the  ends  of  the  hooms  (fig.  1). 
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Figure  1 Valve,  venturi,  and  cut-off  valve  assemhly, 


The  venturi  has  an  over-all  length  of  13  i^^f«'  *    aT^v 
diameter  of  ^   inches,  and  a  throat  diameter  of  3  i^J^«-^  ^^^^t^ 
made  of  tuhing  having  a  slightly  larger  inside  diameter  than  ^^e  out 
!?de  diamete^^of  the  hoom  is  riveted  to  the  throat  of  ^^^^^^f^^f^^^^ 
extends  out  from  the  venturi  at  a  ri^t  angle,  ^^^^f  ^^1%'"^;^"°^" 
over  the  end  of  the  boom  and  is  secured  to  t^e  hoom  hy  ^et  screws. 
The  tip  of  the  nozzle  extends  2  inches  into  the  throat  of  the  venturi 
and  the  32®-angle  cut  faces  toward  the  rear. 


Performance  Studies 

Studies  to  determine  the  delivery  rates  for  the  gravity- flow 
equipment  were  made  with  several  sizes  of  nozzles  and  breather  tubes. 
The  results  of  these  determinations  are  shown  in  table  1.  Two  l/U- 
inch  nozzles  gave  a  rate  of  flow  of  2.9  gallons  per  minute;  5/l6-lnch 
nozzles  gave  U,3  gallons;  and  l/2-inch  nozzles  gave  J»h   gallons.  Con- 
stant rates  of  flow  were  obtained  with  each  nozzle.  Little  or  no 
difference  in  rate  was  caused  by  varying  the  size  of  the  breather  tube 
from  3/16  to  3/S  inch.  The  greatest  differences  occurred  with  the 
1/2-inch  nozzle.  Without  a  breather  tube  each  nozzle  gave  a  hi^ 
initial  rate  of  flow  which  declined  gradually  as  the  volume  of  liquid 
decreased. 

With  a  single  venturl  under  each  wing,  the  spray  was  distributed 
unevenly,  the  heaviest  deposit  being  directly  under  each  wing  tip. 
This  pattern  apparently  was  caused  by  the  air-flow  characteristic  of 
the  plane,  which  forced  the  spray  outward  to  the  wing  tips  regardless 
of  where  the  Venturis  were  placed.  This  action  was  immediate,  under 
favorable  weather  conditions,  vdien  the  venturl  outlets  were  k   l/2  to 
7  1/2  feet  inside  the  wing  tips,  but  at  9  feet  it  was  somewhat  delayed. 

A  second  venturi  was  placed  xinder  each  wing  in  an  effort  to 
Improve  the  performance  of  the  equipment.  The  two  Venturis  were 
attached  to  opposite  ends  of  an  inverted  T-plpe  that  was  coimected 
into  the  boom  Just  beyond  the  cut-off  valve.  Th^  were  3  feet  apart 
and  the  outside  one  was  k   1/2  feet  from  the  wing  tip.  With  l/U-inch 
nozzles  the  flow  rate  was  increased  from  2.9  to  5«^  gallons  per  minute. 
Particle-size  determinations  for  this  equipment  showed  an  average 
median  diameter  of  53  microns  and  an  average  mass  median  diameter  of 
15s  microns. 

Three  flights  were  made  upwind  at  a  hei^t  of  20  to  25  feet  to 
Insure  a  heavy  deposit,  and  thereby  increase  the  accuracy  of  colori- 
meter determinations.  The   quantity  of  spray  distributed  fx*om  the  dual 
venturi  tubes  was  determined  from  deposits  of  tracer  dye  on  6-  by  6- 
inch  plates  placed  at  intervals  of  20  feet  across  the  swath. 

The  results  of  these  tests,  given  in  table  2  and  figure  2,  show 
an  average  deposit  of  O.O3  pound  per  acre,  or  more,  over  a  swath 
width  of  at  least  100  feet.  The  breakup  of  the  spray  was  slightly 
improved  by  the  addition  of  a  second  venturl  under  each  wing,  but  the 
spray  pattern  was  similar  to  that  produced  by  the  single  venturl  tubes. 
In  each  case  the  deposits  were  heavier  under  the  tip  of  each  wing  than 
directly  beneath  the  plane. 
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Table  2. — Recovery  of  DuT  at  various  stations  at  20-foot  intervals  from  line 
of  flight  (station  9).   Sprays  applied  with  PT-13  airplane  provided  with 
gravity- flow  equipment. 


Flight 
No. 


No .  3  No 


:^ 


Pounds  of  DDT  per  acre  at  indicated  station 


No.  5 


No.  6 


No.  7 


No. 8 


No. 9 


No.  10 


No. 11 


No. 12  No. 13 


No. 14 


2  0.004  0.003  0.282  0.044  0.081  0.058  0.040  0.140  0.060  0.011   0.004 

3  .002      .002  .010  .009  .019  .124     .019      .093      .047      .033      .017  0.001 

4  —          __  «-  .002  .033  .091      .075     .054     .065      .056      .008      .003 
Av.  .003      .003  .019  .018  .045  .091      .045      .096      .058      .034      .010      .002 


120   100   80    60    AO        20    0    20    ^0   ^0    80   100 
Distance  from  center  of  flight  (feet) 


Figure  2,-- -Graphical  representation  of  average  data  given  in  table  2. 
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Effect  of  Air  Currents  on  Sprays 

Observations  were  made  on  the  effects  of  air  current  on  sprays 
released  at  different  points  -under  the  wings  and  \mder  different  weather 
conditions.  The  release  of  a  quantity  of  material  at  a  single  point 
emphasized  the  effects  of  erratic  air  currents  which  are  not  so  apparent 
idien  the  conventional  multiple-nozzle  hoom  is  used. 

From  photographs  taken  in  the  afternoon  to  show  the  roll  given  the 
spray  hy  the  wing  tips,  it  was  found  that  the  spray  pattern  changed  com- 
pletely as  the  afternoon  temperatoires  and  wind  speeds  increased,  amd 
that  under  such  conditions  the  wing-tip  air  currents  did  not  appreciably 
affect  the  spray  released  6  feet  inside  the  wing  tips.  In  cross-wind 
flights  li^t  hreezes  prevented  the  spray  from  fanning  out  in  a  charac- 
teristic roll  and  the  result  was  a  heavier  deposit  under  the  up-wind  wing, 

Saaiples  of  the  dispersed  sprays  were  obtained  on  slides  coated  with 
magnesium  oxide.  Each  slide  was  exposed  to  the  spray  immediately  after 
it  was  released  from  the  plane  and  before  the  large  and  small  droplets 
became  segregated.  Under  some  conditions  more  large  drops  were  taken 
on  the  outside  of  the  spray-roll  off  the  wing  tip  and  smaller  drops  were 
present  on  slides  exposed  inside  and  close  under  the  plane. 

A  test  of  sampling  technique  was  made  in  ^ich  slides  were  placed 
at  3- foot  intervals  across  a  concrete  air  strip  and  at  right  angles  to 
the  line  of  flight.  The  spray  plane  was  flown  so  low  that  the  wheels 
touched  the  runway  momentarily  as  the  airplane  passed  oTer  the  line  of 

slides.  At  this  elevation  drops  were  not  impinged  on  any  of  the  slides 
except  those  at  the  wing  tips  and  beyond,  even  though  the  spray  h&b 
released  from  Venturis  located  6  feet  and  9  feet  in  from  the  wing  tips. 

The  point  of  spray  release  is  highly  important  and  further  studies 
are  necessary  on  proper  locations  for  nozzles  to  give  the  most  uniform 
swath.  Further  studies  on  air  currents  set  up  by  various  types  of  air- 
craft are  also  needed. 


